(51) FORMATION OF ELECTRODE OF SEMICONDUCTOR DEVICE 
* (ID 59-15.1041 <A) M3) 3.9.198-i (19) JP . 

; (2D Appl. No. 58-28353 (22) 22.2.1983 

'(71) FUJI DENK1 SOUGOU KENKYUSHO K.K. (72) KAZUO MATSUZAKI 
(51) Int. CI 3 . 1I01L21/92 

PURPOSE: To realize the formation of semi-spherical solder electrode having less 
dispersion of height by forming a base metal layer of which uppermost layer 
deposited on the opening of protection film is composed of a metal to be wet by 
! the solder is formed in such a manner as having the specified diameter and 

dipping it into the melted solder. 

CONSTITUTION: A surface protection film 3 which is not wet by the solder is 
formed on the main surface of silicon wafer providing a silicon substrate 1 and 
an aluminum wiring 2 and a contact hole is opened at the electrode forming 
region. The base metals 4, 5 t 8 are formed in the sequence on the contact hole 
and the three-layer of base metal is etched in such a manner that it is left in 
the form of a circle larger than the diameter of contact hole. In this case, as 
the metal film 8 at the upper most layer, nickel which can be easily wet by 
solder and prevents diffusion of tin which is the element of solder 7 to the in- 
termediate metal layer 5 is used. Thereafter, flux is applied to the silicon wafer, 
the entire part is dipped into the fused solder in the tank and is lifted up 
after 2-3sec. Thereby, a semispherical solder electrode 7 is formed at the upper- 
most layer 8 of the base metal. 
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Speci f ication 



1. Title of Invention 

Method of Formation for Electrode of Semiconductor Device 

2. Claim 

1) The present invention is a method of formation for the 
electrode of a semiconductor device and has the following characteristics: 
(a) it is equipped with an element function and a wired metal layer; (b) 
an opening is made on a protective film at a location where an electrode 
is formed on the above-mentioned wired metal on a semiconductor substrate 
which is equipped with a protective film on the back; (c) it is covered on 
the aforementioned opening part and it forms a base metal layer with a 
specific diameter which is made up of a metal whose uppermost layer is 
wetted in the solder; (d) after this, however, the above-mentioned, base 
metal surface is dipped into the melted solder and has a protruding 
electrode. 

2) The present invention is a method for formation of an electrode 
of a semiconductor device which has the following characteristics. In the 
method described in paragraph 1 of the Claim, the height of the protruding 
electrode is compiled by the diameter of the base metal. 

3. Detailed Description of Invention 

The present invention refers to a method for formation of a 
protruding electrode with a semiconductor element which uses the face down 
bonding method. In this type of protruding electrode, [the electrode] can 
position itself during bonding, there is little dispersion [or deviation ] 
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in- the height of the electrode, the bonding strength can be thoroughly 
guaranteed and the above-mentioned protruding electrode can be easily 
formed . 

Figure 1 A through 1 D illustrates an example of the sequence of 
soldering operations involved in formation of the protruding electrode. 
First, the element function is built in, a surface protection film 3 which 
is made of a silicon nitride film is formed on the main surface of a 
silicon wafer which is equipped with (1) a silicon substrate 1 which 
covers the surface protective film (not shown) and (2) aluminum wiring 2. 
Then, an opening is made on the electrode formation part (A). Next, the 
base metals 4, 5 are formed one after the other on the surface of the 
silicon wafer and the base metal 5 (exclusive of base metal 4 which is not 
wetted on the soldering of the first layer) is removed by etching another 
part so that a circle is left which is as large as the contact hole on the 
contact hole or larger (B). At this time, the base metal 4 is left so 
that it is covered entirely by the silicon wafer. It functions to give 
' multiple electrode parts the same electric potential. Next, the parts 
exclusive of the contact hole part in base metal 4, 5, ^sfjare coated using 
a resist^(C) and soldering 7 (D) is formed using the electroplating method 
on exposed base metal 5. After resist 6 has been removed, the solder is 
heated until it melts and a semi-spherical soldering electrode 7 f is formed 
( E ) . Last of all,, base metal 4 is used to mask soldered sphere 7' and is 
removed by etching (F). In the above-mentioned method, the formation of 
the solder is also carried out by using the vapor deposition method. 
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Nevertheless, when the thickness of the soldered film is 20 or 30 
microns in the above-mentioned method, there are a number of drawbacks 
even when the electroplating method and the vapor deposition method are 
used: (l) there are many costly individual operations involved; (2) 
controlling the thickness of the film is difficult; (3) when 
electroplating is used, etching removal operations for the first layer of 
the base metal are required; and (4) electrochemical problems arise with 
soldering elution. ' 

It is an object of the present invention to provide a method for 
simple formation of a soldered protruding- electrode which eliminates the 
above-mentioned defects.. 

■We shall next use examples to describe the present invention. 
Figure 2 A to 2 C illustrates an outline of the operations involved 
in manufacturing the soldered protruding electrode based on the method in 
the present invention (the symbols in figure 2 are identical to those in 
figure 1 and are to be labelled identically). The element function is 
built in, a surface protective film 3 which is not wetted in the solder 
and silicon nitride film is formed on the main surface of the silicon 
wafer which is equipped with (a) silicon substrate 1 which covers the 
surface protective film (not shown) and (b) aluminum wiring 2 and an 
opening on the contact hole is made on the electrode formation part (A). 
Next,. base meta£| 4, 5, 6 are formed on the contact hole using the same 
method as that indicated in figure 1. These three layers of base metal 
are etched so that they are left in a circular shape which is larger than 
the diameter of the contact hole (B). m this case, the first layer of 
base metal 4 uses (1) an aluminum which is a wiring material and (2) 



chromium and titanium which have a great adhesive strength relative to the 
surface protective film (not shown). The uppermost layer of metal film 8 
is easily wetted in the solder and uses nickel and others which can 
prevent dispersion of tin (which is a component of solder 7) toward 
intermediate metal layer 5. 

The electrical contact between the first layer of base metal 4 and 
the uppermost layer of base metal 8 on intermediate metal layer 5 is 
satisfactory and copper and others may be used to upgrade the contact 
strength of these. Next, we applied flux to the above-mentioned silicon 
wafer, dipped the entire silicon wafer in the melted solder and lifted it 
up after 2 to 3 seconds. A semi -spher ical solder electrode 7 1 was formed 
on the uppermost layer 8 of the base metal as indicated in Figure 2 C. 
When this method was used, when the diameter of the base metal was 160 
micro m, the height of soldering protruding electrode was approximately 40 
micro m and the dispersion in height was under +/- 3 micro m. 

When the present invention is used, not only are semi -spher ical 
soldered electrodes formed at any height or with slight dispersion in 
height merely by determining the diameter of the base metal, but this 
soldered protruding electrode formation can be completed merely by dipping 
the wafer in a vat with melted solder without going through troublesome 
operations such as plating and vapor deposition. As a result, the number 
of required operations is greatly reduced and the time required for 
forming the protruding electrode is reduced to several seconds. 
Therefore, the method is greatly effective in that it is extremely easy to 
use and the operational effectiveness is significantly increased. 
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Not only does the present invention provide a semi-spherical 
protruding electrode but it may be used as well to provide a base metal 
with any shape or dimensions and it can be applied to obtain a protruding 
electrode of any shape. 

4. Brief Description of Figures 

Figure 1 is a diagram which illustrates the conventional method for 
forming a soldered protruding electrode. Figure 2 is a diagram which 
illustrates the operations using the present invention. 

1 represents the silicon substrate 

2 represents the aluminum wiring 

3 represents the silicon nitride film 

4 ' 5 ' 8 • represent the base metal 

7 represents the solder 

7 ' 



represents the semi -spher ical soldered 
electrode' • >' • •> 
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